SYNOPSIS
The clinical and pathological findings in 23 patients with ischaemic lesions of the alimentary tract (ischaemic enterocolitis) are described. These are compared with findings in 13 patients with occlusive thrombosis of the superior mesenteric artery. The pathological features distinguishing the two conditions are discussed.
Ischaemic enterocolitis was found to be a relatively common condition (0-6 % of necropsies). The occurrence of mucosal fibrosis (a hitherto undescribed feature) has been of help in the biopsy diagnosis of ischaemic lesions of the gut.
Ischaemic enterocolitis is total or partial infarction of the intestine in the absence of occlusion of a major mesenteric blood vessel (McGovern and Goulston, 1965; Marston, Pheils, Thomas, and Morson, 1966) . Since the first description of the condition (Moulonguet, 1931) its postoperative occurrence (Penner and Bernheim, 1939) and its frequent association with cardiovascular disease (Wilson and Qualbeim, 1954; Musa, 1965) have been emphasized. Hypotension precedes the onset of infarction in a proportion of cases (McGovern and Goulston, 1965; Ming, 1965) . Patients with ischaemic enterocolitis are usually elderly and present with abdominal pain, diarrhoea, and the passage of blood per rectum. The pathological lesions range in severity from mucosal haemorrhage to gangrene of the bowel. Healing takes place by granulation tissue and fibrosis in a manner reminiscent of a healing myocardial infarct (Marston et al, 1966; Morson, 1966 Morson, , 1968 , and strictures of the bowel may result. The main distinction between ischaemic enterocolitis and infarction due to superior mesenteric artery thrombosis is the absence of occlusion of a major mesenteric artery in the former.
The Twenty-seven controls were selected at random from surgical specimens received during the same period of time. These consisted of patients with adenocarcinoma of the colon (11), adenocarcinoma (primary and secondary) of the small intestine (2), ileocaecal tuberculosis (1), Crohn's disease of the small intestine and colon (8), non-specific ileitis (1), and ulcerative colitis (4). Their The patients with superior mesenteric artery thrombosis had infarction with or without gangrene (putrefaction) but one had only mucosal atrophy and fibrosis. A patient who had only congestion of the intestine is not included in the Table. The lesions, in contrast to those of ischaemic enterocolitis, were all in the distribution of the superior mesenteric artery. In 10 patients most of the small intestine was diffusely involved, in contrast to the patchy distribution of ischaemic enterocolitis.
Gangrene of ischaemic enterocolitis appeared as the typical dull blue/grey discoloration of the intestine with a putrefactive odour. Histologically, full-thickness infarction of the intestine with massive inflammatory reaction was seen ( Fig. 1) and numerous Gram-positive bacilli were present in the mucosa of one patient. The mesentery in each case of gangrene showed fresh venous thrombi and in one an organized thrombus in a small artery.
The appearances of full-thickness infarction without gangrene in ischaemic enterocolitis are shown in Figure 2 . The discoloration was usually patchy in distribution and well demarcated from the neighbouring unaffected intestine. The mucosa was typically congested and bore numerous small round ulcers up to 1 cm diameter. In two patients changes were confined to the mucosa, the bowel being normal externally. Bloodstained Figures 3 and 4 . There was coagulative necrosis involving the mucosa only (Fig. 3) in 12 patients and extending to involve the full thickness of the intestinal wall in eight patients. Early lesions appeared as fresh haemorrhage in the mucosa and submucosa. A remarkable finding was infarction of the superficial half of the mucosa (Fig. 4) . In the submucosa, characteristic features were the presence of cedema, dilated blood vessels, and thrombosed venules (Fig. 4 ). An intense inflammatory reaction was present in the region of ulcers with minimal inflammation in other areas. Fibrosis was present in addition to fresh infarction in five patients (other than those with strictures) suggesting previous episodes of ischaemia. Acute arteritis was seen close to ulceis in two patients (Fig. 5) . The mesentery contained thrombosis of small veins in two patients.
Patients with strictures showed fibrosis of the submucosa and muscularis propria. All but one had neighbouring recent infarction as well. One patient had no infarction but showed foci of fibrosis in the mucosa in addition to mucosal ulceration and submucosal haemorrhage and thrombosis. This collagen formation in the mucosa is shown in Figure 6 on the left ventricle of the heart was present in three patients. Other organs were infarcted but no occlusion of a major mesenteric artery was found in any case.
In contrast to the patients with ischaemic enterocolitis, all patients with superior mesenteric artery thrombosis had cardiovascular disease. In 10 of the 13 patients there was a mural thrombus in the heart with embolization. This difference in the incidence of thromboembolism in the two conditions (Table III) is statistically significant (p < 0-01), as is the difference in the incidence of cardiovascular disease.
None of the patients in either group was receiving enteric-coated potassium chloride tablets.
PROGNOSIS
Seven of the 23 patients with ischaemic enterocolitis survived but all 13 patients with superior mesenteric artery thrombosis died. Of these seven survivors, five had strictures or mucosal atrophy and two had infarction without stricture formation. Both patients with gangrene died.
Discussion
Our results indicate that in Ireland ischaemic enterocolitis occurs with similar frequency to that reported from other countries (Larsen, 1970) although the absence of radiological investigations would suggest that many clinicians are not aware of its symptoms. This failure to consider ischaemic enterocolitis in diagnosis led to many laparotomies, so that we have received a disproportionate number of early lesions compared with those reported elsewhere, and in contrast to other series, we have had no radiological studies.
This series demonstrates the wide spectrum of ischaemic lesions of the intestines, doubtless due to its retrospective nature. The patients with strictures are in the minority, although this type of lesion appears more common in centres where greater emphasis is placed on clinical or radiological diagnosis.
There may be nothing in the clinical features to distinguish ischaemic enterocolitis from the effects of thrombosis of the superior mesenteric artery. Although in our series none of the patients with superior mesenteric artery thrombosis passed blood per rectum, this fact is unusual since both stools and vomit may contain blood in this condition (Wang and Reeves, 1960) . A statistically significant difference between the incidence of thromboembolism in the two conditions was found and this has been reported by Larsen (1970) . However, it probably reflects the differences in the aetiology of the two conditions, and is not of help in the antemortem diagnosis.
Pathologically, however, there were some distinguishing features apart from the absence of an occluded mesenteric vessel in ischaemic enterocolitis and its presence in superior mesenteric artery thrombosis. In patients with ischaemic enterocolitis the lesions were distributed in a patchy manner in the affected gut; in patients with superior mesenteric artery thrombosis, the lesions were diffuse and confined to the distribution of that artery. The patchy nature of the lesions of ischaemic enterocolitis is illustrated in the case of a patient who had a normal jejunal biopsy but who was found at laparatomy to have ischaemic stricture and ulceration of a segment ofjejunum. A second finding of help in distinguishing the two conditions is the presence of partial mucosal infarction in some patients with ischaemic enterocolitis. This was not observed in patients with superior mesenteric artery thrombosis in whom the full thickness of the mucosa was always infarcted.
The presence of haemosiderin-laden macrophages has been described as being of considerable help in the diagnosis of ischaemic enterocolitis (Marston et al, 1966; Morson, 1968) . In none of the patients in the present series was haemosiderin seen. This may be due to the fact that most ofthe specimens were obtained during the acute phase of the disease. Fibrosis of the submucosa and muscularis propria in the patients with strictures suggested healing lesions, but no haemosiderin was found in them.
However, the general pattern of clinico-pathology is the same as in the experience of others, and we have found that mucosal fibrosis has been of help in diagnosis. Ischaemic fibrosis is well recognized in many organs, eg, the kidney, as a progressive atrophy of parenchyma accompanied by its replacement with collagen. The same process appears to occur in the gut, with preferential involvement of the mucosa. The latter remains intact but there is an expansion of the lamina propria with eosinophilic cellular material which stains as collagen with van Gieson's method. The crypts are separated by this substance, and in the small intestine normal villi disappear and mucosal thickness is reduced. It is likely that these changes affect the mucosa first because it is furthest from the point of arterial supply, but it may well be that minor histological changes are more readily detected within the mucosa, and that similar degrees of change in submucosal collagen are undetectable.
This mucosal fibrosis was not observed in the control patients who had no ischaemia of the bowel. The average age of the control patients (55 yr) is less than that of the patients with ischaemia of the bowel (66 yr). This was due to the inclusion in the former group of three patients in their third decade who had Crohn's disease. The occurrence of fibrosis in Crohn's disease was felt to justify their inclusion because of the possibility of mucosal fibrosis occurring in this condition. However none was seen. We feel that this mucosal change can be of help in biopsies, and that rectal or jejunal fibrosis of this kind should lead one to suggest ischaemia as a probable basis for symptoms. Its finding in the jejunum of a patient with superior mesenteric artery thrombosis supports the view that ischaemia is the basis for mucosal fibrosis in ischaemic enterocolitis.
